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ABSTRACT About 300 carcinogens and non-carcinogens
of a wide variety of chemical types have been tested for mu-
tagenicity in the simple Salnonella/microsome test. The test
uses bacteria as sensitive indicators for DNA damage, and
mammalian liver extracts for metabolic conversion of carcin-
ogens to their active mutagenic forms. Quantitative mutage-
nicity data from linear dose-response curves are presented:
potency varies over a 106 -fold range. There is a high correla-
tion between carcinogenicity and mutagenicity: 90% (156/
174) of carcinogens are mutagenic in the test and despite the
severe limitations inherent in defining non-carcinogenicity,
few "non-carcinogens" show any degree of mutagenicity.
The results also demonstrate the great utility, and define the
limitations, of the test in detecting environmental carcino-
gens.

There is considerable evidence that a large proportion of
human cancer may be caused by exposure to toxic chemicals
in the environment, very few of which have been tested for
carcinogenicity or mutagenicity. A program of cancer pre-
vention aimed at identifying and eliminating human expo-
sure to hazardous chemicals requires the development of
rapid, inexpensive, screening methods as complements to ex-
pensive, long-term animal tests, to pinpoint dangerous
chemicals among the thousands to which humans are ex-
posed. The Salmonella/microsome mutagenicity test (1-4)
has been sufficiently developed and validated to be seriously
considered for widespread use in this way. The considerable
evidence (5), much of it obtained using this test (1-4, 6-13),
that with few exceptions carcinogens are mutagens, supports
the desirability of using this type of rapid and economical
test system as a screening technique (1-3).

Chemicals are tested for mutagenicity on petri plates with
several specially constructed mutants of Salmonella typhi-
murium (2-4). Homogenates of rat (or human) liver, (S-9
Mix), are added directly to the petri plates, thus incorporat-
ing an important aspect of mammalian metabolism into the
in vitro test (2). In this way, a wide variety of carcinogens
requiring metabolic activation can be detected easily as mu-
tagens (2, 4, 5). The system has been recently reviewed (6)
and the test method described in detail (7).
The present paper presents mutagenicity data on a large

number of carcinogens and non-carcinogens of many differ-
ent classes that have been examined in the system using a
standard methodology (7) to determine the correlation be-
tween mutagenicity and carcinogenicity, and the utility of
the test, at this stage of its development, for the detection of
various types of carcinogens.

DISCUSSION AND RESULTS
Results are in Table 1. For each chemical, quantitative data
are presented as revertants per plate (histidine revertants on

* This is part I of a series.

a petri plate/number of micrograms tested). For mutagenic
compounds, data are from the linear region of dose-response
curves, and for non-mutagenic chemicals, data are presented
as less-than figures at the highest dose-level tested. The
number of revertants per nmol is an indication of the muta-
genic potency of the chemical in the test system.

All non-mutagens, and most mutagens, have been tested,
using the recently improved standard methodology (7), on
the new R factor tester strains (4) as well as the earlier stan-
dard tester strains (3). Non-mutagens have been tested over
a wide dose range both with and without the liver micro-
some activating system.

In addition to our previously published studies and new
work presented here, results have been contributed to this
compilation by a number of laboratories using this test, in-
cluding a large contribution from Japan. Some of the chemi-
cals tested are also specified in a contract sponsored by the
National Cancer Institute (V. Simmon and H. Rosenkranz,
to be published). Some of the non-carcinogens we tested
were specified in a contract sponsored by the Environmental
Protection Agency to B. Commoner.
We have not reported on any metal carcinogens, though

three or four that have been tested are negative in the stan-
dard test. The test system is not suitable for metals entering
the bacteria because of the large amount of Mg salts, citrate,
and phosphate in the minimal medium. A number of carci-
nogenic metals have been shown to be mutagens in bacteria
by means of a different methodology, e.g. ref. 14.

In addition to the compounds presented we have tested 46
common biochemicals that are non-carcinogens, or pre-
sumed non-carcinogens, and have found that all were nega-
tive in the test (<0.01 revertants/nmol). These data will be
presented in a companion paper that will appear in this jour-
nal. The companion paper will also discuss the results pre-
sented here, the utility and limitations of the test in detect-
ing chemicals likely to be environmental mutagens and car-
cinogens for humans, quantitation of mutagenic potency,
and somatic mutation as the most attractive hypothesis to ex-
plain chemical carcinogenesis.
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Table 1. Carcinogenicity versus mutagenicity in the Salmonella test

C

A) Aromatic amines etc.

1) N-aeox-2-acetli1nimsluoene
2) 2-wifsuormIs
3) 2-aceoliime wrwme
4) I.1reuiy-2-cetmIMf1%Onrm
5) 2 y-2 mmflvu' e

7) 7-ldroy-2-ec&teVmInefnuorme
8) 1-Wruyoq-2-acetylamimlw
9) 34-12se ce"la1tloa wiov"
10) S-kvdrKesy-2-*cetlmlnotlusfra
11) 4aelmimfsmem t
12) 2,7-bis-acetiminom nes
13) 2.7-diilu me9
14) 6-ii chrse
15) I-alMino".r
16) 9-aminacridime 9
17) aridine owP e

18) pronfavime
19) 2-amiamnthen' s

20) aimnoanthrecenec
21) B-naphtllmine 9
22) o-naphthyliine 9
23) 8-naphthylkdrosylminne
24) a-naphtylhlydroxyimeine V

25) 2-nitrosorbphthalenew
s26) 4-minobiphanyl s

27) 2' 3-d1mtl1-4-a1mnobiph1ny1
28) 2-minobiphenyl a

29) benzidine a

30) NN.N.,N'-tetrmethylbenzidine a

31) 3.3'.5.5'-tetramethylbenzidine
32) 4-aiho-trns-stilbene
33) 4-dimethylamino-trans-stilbene s

34) 4.4'-ethylene-bis-2-chloro
aniline E vCA]

35) 4,4'-[(4-imlno-2.5-cyclohexa-
dien-l-yl idene)methylenej
dianilineHCl[poara-rosanilinel

36) p-aminodiphenylamine9
37) bis-dlethyl"1nodiphenyi eth ne
38) p-minophenol'a
39) aniline a

40) sulfaguanidine
41) o-toluidine e
42) 2.4-diminotoluene
43) auramine a
44) ethidium bramide c

8) Alkyl halides etc.
1) methyl iodide
2) carbon tetrachloride
3) ethylene dibromide a

4) vinyl chloride'd
5) vinylidene chloride
6) chloroacetic acid a

7) 2-chlorobutadiene (chloroprene]
8) bis-chloromethyl ether [BC(E]
9) bis-(2-chloroethyl)h"lnea

10) methyl-bis-(2-chloroethyl)
amine (nitrogen mustard] 9

11) uracil mustard a

12) cyclophosphamide'e
13) isophosphamidei
14) chlornaphazin j
15) melphalan 1

16) 2-methoxy-6-chloro-9-[4-bis(2-
chloroethyl )amino-l -methylbutyl -

amino]-acrldine 2HC1 ICR-10]
17) 2-methoxy-6-chloro-9-(3-(ethyl-

2-chloroethyl )aminopropylamino)
acridine2HCl (ICR-170]u

18) 2-ethoxy-6-chloro-9-(3-(2-chloro
ethyl )minopropylamino)
acridine 2HCl [ICR-191] u

19) dimethy1carbany chloride &

20) benzyl chloride C

21) captan P
22) folpet
23) WE k '

24) dleldrln1'

Car. Cut. Revertants per strain S9 Ref.

mol plate

so

+ * 205

+ * 108

+ 48

* + so
+ * 100

CO 0' 04
0 0 '0.01

0 0 '0.01

.o 0.03O +# OAi
+ 9.s

+ * 22

* * 158

? + 23

1 + lo

* * 66
* 310

+
* S10
+* 22

+ + 8.S
cO +f 0.42

* + 21

+
* 229

+ + 0.16

+ +
+ 7S

? +J 0.51

* *
1.4

?0 0 <0.02
0 0 <0.03
+

19

. 22

+
* 2.7

0 <0.02

0 '0.01

0 '0.036
0 '0.01

0 (0.005

0 <0.003
0 <o0000
+ 0.43
0 40.01
+ s0

?+

+ 0

+

7+
0 0

?4 +0

?7,

96S 98 - 15/1X9
11380W10 87 16/2
4823/10 80 P 16/X12
1006/5 A- 15/X,3
1488.5 8 - 1/1ll,
1327/.25 8 - 1S/3,.
43U/250 898 P 1SAX.
t70/1000 097 A 15/X,.
<70/1100 O9S7 A 15A/.
84/500 A 1S/X,
2V2/200 8 P 15/1X.
338110 8 p 1S/X
223/20 98 Pr 16/X.3
31 897 A. 18/2.1

9887 A ? /I.2

7M0/1SO 7 - t/3
4370/20 097 A 15IW
70S Al16/X
S251/2 985! 15/1X.4
230820 90 15/I
S9 O/10 A l7/XI
290/100 08 A 15/

671/S 05 - 1S/X.l
1439/1 OD - 17/X
102/100 8 - 1S/X.l
9130/50 087 A 17/X.;
3240/10 098 A 1S/X.1
606/200 0 A 15.16/
265/50 8 P 17/2
<70/1000 9075 A 1S/X
'70/S00 0957 A 20/X
800/10 80 P 1S/2.1
843/10 80 P 1S/2.:
IOS0/100 0 A 17/X.1

<70/1000 09S7 A 17/X

'70/1000 0957 A 1S/X
"70/500 0957 A IS/X.I
<70/500 0957 A 17/i
*70/1000 0957 A 17.1S
c70/S000 0957 A 16/x
'0/10e 96S7 A 1S/X
270/100 80 A IS/13,
'70/2000 0967 A IS/X.;
1012/5 98 A ?/X.s

3;11

9Ik

.2

3i/

i/Xk

i.X
,2

G 0 - 16/k

<0.001 <70/10, 05 A 17/X
0.06 128/4344 05 - 35/X.1

6 05 P- 17/36.22.8
6 05 P 34/34,k

'0.007 40/1000 0957 A 37/X,8
G 0 P- 38/34.r

4 17/39

9.7 2710/50 50 - /4

1.3 333/50 50 - 16/X1l

+ 0.40
+ 1.4
+ 0.26
+ 5.6
+ 0.29
+ 90

157/100 5

1079/200 50

1001/1000 50

207/10 0

187/200 50

1660/10 7

16/Xf.n
A 16/8,m
A 25/f

A 16.70/X
A- 40/f

d/X

+ + 260 8410/10 7 - d/X

511 566/.5 7890 - d/3

?+

0 +

+ 0

+ 0

0.04 380/1080

0.02 230/2000

25 820/10

64 2170/10

(0.oo 70o/s50
<0.003 <70/104

so -50.

m~-

06
0957 A

0957 A

16,37/4
16/4
n/4,41
16/X.42
17/X
17/X

Car. Nut. Revertants per strain S9 Ref.
C) Polycyclic armatics mol plate

1) dieo(a)pyran 8 + 17/56
2) dibmm(a.I)pyr + + 20 1290/20 098 A 17/1.S6
3) m( )pyr + * 121 2398/S 0987 A 17/4.2
4) 6- kyde*owmtkylbs(a + + 270 482/.5 08 A 17/X,q
S bwm(a)pyrame-4S-ouidq + + 295 5500/5 87 - q/7
6) 3- m )py8 1 ?O 111 416/1 09 A- 16/X
7) 7,1 jd ()p q + + 20 797/10 87 A b/X
8) bm(e*)PYw'am vs + 0.60 143/60 0 A 17/X
9) d1bmz(a)acr1de + + 18 318/5 07 A 17/X

10) dibm(a.0c)"threcee + + 175 6280/10 0987 A 1S/X
1i) dibem(,,h)anthrmcen + + I11 401/10 097 A 17/X.56
12) d1ibmm(a.h)&athmcene-S.6-oxide q 0 + 5.3 90/5 7 - 57/10

13) 3-mettOllhlathmre + * 58 2160/10 087 A 15/X,2
14) chrymeei1 vs + 38 1670/10 09 A 17/I
1S) rymeme,6-oxSuq6Id? * 2.2 45/50 07 - 57/X
16) b 0)amt.e + + 11 2 57 09 A 17/1,56,k
17) hmz()aSume_ ,6-oxide6 W- + - 57/10

18) 7 1vbemz(ai c e + + 22 897/10 0 A 57/X
19) 7,124im (talmtw c 9 + + 19 1458/20 0978 A 15/4.2
208) 7- q uefl-tvlbamz() * + 30 547/S 0 A 16A

or

21) 7-chleuimnthl-12-ethyl bez(a) soBO 274/1 07 - 4/I

22) 7-chlormnetlhylbnz(a),anthrcae " * + 121 440/1 0 - d/X
23) 7-btlemme1tl-12-mthylbnz(ia) * + 20 604/10 98 - 16/k

anthracn
24) 7.9-dimtylbemcjacridine 9 + + 9.4 730/20 09 A 1S/X
25) 7.0-ddimethylbenz(c)acridine 9 . + 15 2830/50 0 A 15/X
26) pye 0 (0.02 <100/1000 0957 A 1S/X
27) anthracene's cO 0 <001 <70/1000 0967 A 1S/X
28) 1.8.9-tr1hydroyaymthracene 1 ? <16 <70/1 0967 A iS/I
29) 9,10-dichlorethylanthrac_un + * as 32/.1 7 - d/X
30) 10-chlormmethyl-9-ethylanthracene" + 4.6 96/5 7 - d/X
31) 10.chlorwethyl-9-chloroanthrecm + 55 211/1 0 - d/X
32) 10-brmmethylanthracene * + 35 1298/10 0 - d/X
33) phenanthrene 0 0 <0.25 <70/SO 0957 A 1S/XIk
34) 15.16-dihidroll-methylcyclopUntb- + * 84 3420/10 098 A S9/X.e

(a)phenathrene-17-one 0

35) 15.16-dihydro-3.mthylcyclopenta- 0 0 <.03 <70/SOO 0957 A 59/XI.
(a)phmnanthrene-l 7-one 0

36) fluorene 0 <0.01 <70/1000 O9S7 A 16/I
37) naphthlene t 0 0 <0.09 <70/100 0957 A 16/X
38) l-naphtholt ?0 .0 <0.01 <70/1000 0967 A 16/X
D) Esters. epoxides. carbamtes. etc.

'a 0~~~~~~~~~~41) vinyl acetate 0 0 '0.0006 <70/10 0957 A 16/X.47
2) n-propyl p-hydroxybenzoate estera 0 0 <0.007 <70/2000 0967 A 8/X
3) methyl methanesulfonate + 0.63 3244/S70 05 - 17/4
4) ethyl methanesulfonate9 * * 0.16 12934/104 OS - 17/1.4
S) ethyl p-toluenesulfonate v s vs 0.00 15 S/4700 5 - 16/n.i
6) diethyl sulfate vs * SO - 17/4.1
7) malathion P 0 <0.0 <70/500 0957 A 16/XI.k
8) succinic anhydride 9 ?+ ? 40.035 -70/200 0957 A 16/XI.k
9) B-propiolactone9 + * 4.1 6460/114 05 - 17/X,l

10) B-butyrolactone e + * 4 - 16/1
11) c-caprolactone a ? 0 '0.0008 '470/10 0967 A ?/X
12) 1.3-propane sultone . * 6.6 3770/70 S - 17/X,1
13) styrene oxide cOT * 0.37 I292/SOO 05 - 16/S5
14) 2.3-epoxy-l-propknol (glycidolia ?0 * O.S8 1730/223 50 - 16/X.k
15) 2.3-epoxypropionaldehyde [glyci- * * 19 5260/20 05 - 16/XIk

daldehyde]j
16) 1.2-epoxyutane a ?0 v 0.006 333/4200 05 - 16/i,n
17) 1.2.3.4-diepoxybutanet * * 0.12 71/50 5 - 16/X
18) 1.2.7.8-diepoxyoctane a * * 0.10 690/990 06 - 16/X
19) thiourea v 0 0.001 <70/5000 0957 A 17/X
20) methyl carbamatek ?0 0 <0.0005 <70/10 0957 A 16/X- 4
21) ethyl carbate [urethane] 9 * 0 <0.0006 '70/10 0957 A 17/X
22) l-naphthyl-N-mthyl carbamate cO 0 <0.008 <70/2000 0957 A 16/X.24

(carbaryl/Wevin]fP
23) l-phm1yl-l-(3.4-xylyl)-2-propynyl- * * 7.5 2087/100 05 - o/4

N-cyclohexylcarbamate U

24) 1,1-dipheny1-2-buty'yl-N-cyclo- * + 2.5 714/100 0 - 69/X.4
hexyl carbmte w

25) 11-diphonyl-2-propl-N- * * 2.8 844/100 0 - 16/X.4
cyclohexyl carbamato

26) dipheqylethinyl carbinol 0 0 <0.03 <70/600 0957 - o/X
27) thioacetamide vs 0 *0.001 '70/5000 0957 A 17/X
28) acetamide 9 Ws 0 4.00008 70/5000 0957 A 17/X

f - -
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Table 1. (Continued)

E) Nitro Aromatics & Heterocycles
Car. Mut. Revertants per strain S9 Ref.

mol plate

1) soo-trifluoro-2,6-dinitro-N,N- 71 0 <0.01

dipropy!-p-toluidine1
2) 4-nitrobiphenyla + + 11
3) 2-nitronephthalene1 + + 8.7
4) 5-nitroecenephthene + + 17
5) 2-nitrofluorene C + + is
6) 4-nitroquinoline-l-oxide's + + 2906
7) 4-hydroxyminoquinoline-l-oxide 1 + + 76
8) p-nitrophenol ?0 0 <0.02
9) chloraphenicol 9 ? ? '4.5

10) 1-(2-hydroxyethyl)-2-mthyl-5- + + 1.1
nitroimidezole (metronidazole] c

11) 1.2-dimethyl-5-nitroisidazole * + 3.5
12) 1-(5-nitro-2-thiazolyl)-2- + * 1752

imidazolidinone Cniridezole]t
13) 1.2-dihydro-2-(S-nitro-2-thienyl) + +

-quinazolin-4-(3H)-one
14) 4-(2-hydroxyethylmeino)-2-(5- + +

nitro-2-thienyl )quinazol ne
15) 4-bis(2-hydroxyethyl)amino-2- + +

(5-nitro-2-thienyl )quinazol ne
16) 2-(2-furyl)-3-(S-nitro-2-furyl)- + + 20800

acrylamide (AF-2] b

17) N-[4-(S-nitro-2-furyl)-thiazolyl]- + + 16500
formemide (FANFT]1

18) 5-nitro-2-furamidoxime a 0 * 5.3
19) 1-[(5-nitrofurfurylidene)- 0 + 230

ainoj-hydantoin9
20) 5-nitro-2-furoic acid a 0 + 0.26
21-34) 14 nitrofurans + +

F) Misc. Aliphatics and Aromatics
1) cyclohexane'e
2) acetone m

3) acetic acid
4) ethyl alcohol'h
5) n-butyl alcohol m

6) ethylene glycolt
7) ethionine c

8) ethylenediaminetetreacetic
acid, disodium [EDTA] t

9) dimethyl sulfoxide COhS0] t
10) benzoic acid a

11) bromobenzenea
12) salicylic acid a
13) resorcinol 9
14) trans-stilbene'd
15) safrole'w
16) -hydroxysafrole"O
17) 1'-acetoxysafrole V

18) 1-naphthylisothiocyanate a

19) diethylstilbesterol 9

20) 12-0- tetradecanoyl phorbol -13-
acetate's

?0 0
0 0
0 0
0 0

70 0
0 0
* 0

70 0

0 0

7o 0
? 0

?7 0
?0 0
70 0
0 ?
0O

O O

+ ?
nO

G) Nitrosamines, etc.

1) dimethylnitrosamine + W+ 0

2) diethylnitrosamine + w+ 0

3t di-n-propylnitrosamine + i 0O
4) di-n-butylnitrosamine + + 0
5) di-n-pentylnitrosuirne + W 0
6) N-nitrosopyrrolidine + W+ 0
7) N-nitrosomorpholine + vi 0.
8) N-nitrosopiperidine + W+ 0.
9) dibenzylnitrosaminee 0 ? <0.

10) diphenylnitrosamine e 0 ? <0.
11) N-methyl -N'-nitro-N-nitroso- + + 1375

guanidine a

12) N-ethyl- 4'+ + 350
13) N-propyl- 4'+ + 40
14) N-butyl- 4'+ + 49

15) N-isobutyl- + + 77

16) N-pentyl- * + + 22
17.) N-hexyl- * ? + 5.
18) N-nitrosomethyluree + + 4.
19) N-nitrosoethylure + + 1.

20) N-nitroso-N-ethylurethane + +

21) cycesin a + 0 <O.4
22) methylazoxyethenol + +

23) methylazoxymethenol acetate ester + +
24) streptozotocin + + 1949

<70/2500 0957 A /A

5490/i100 09 - 17/Xs.
5250/100 05 - 16/X,n
4344/50 09 A- 15.66/62
4200/50 809 - 15/3.9.,
7640/.5 0985 - 15/4,27
4300/10 06 - 1S/X.3
<70/500 0957 A 16/X
'70/5 0957 A 16/X
1650/250 0 - 16/k.63,71

1391/SO 0 - 16/SXi,71
1636/.? 06 - 72/4,63

09 - 64/i

09 - 64/i

90 - 64/i

1674/02 09 - 61/4,60

3260/.05 0 - 16/X,60

678/20 0 - 16/X.60
4820/S 0 - 16/X.60

420/250 0 - i/X,60,i
0 - 61/60

<0.006 <70/1000 0957 A

0. 0004 <70/104 09S7 A

<0.004 '70/1000 0957 A

<0.0003 <70/104 09 A

<0.0005 *70/104 0957 A

0. 0004 <70/104 0957 A

<0.02 <70/500 0957 A

-0.002 <70/104 09S7 A

16/X
16/X
16/X
16/X
16/X
16/X
16/X .k .23
16/X

<0.00001 <7O/SxlO5 0957 A 16/X
<0.009 <70/1000 0967 A 16/X
<0.01 '70/750 0957 A /X
<0.02 <70/500 0957 A lb/X
<0.006 <70/1000 0957 A 16/X, 13

<0.13 <70/100 0957 A 16/X
(0.01 <70/1000 0957 A 17/X
(0.006 <70/2000 09S7 A 33/X
2.4 556/SO 0 - 33/4

<0.65 <70/20 0957 A 16/X
<0.38 <70/50 0957 A 17/X
<0.09 <70/SO 0957 A 16/X

).02t 1100/4440
).Olt 380/4060
.0 395/650
.15 384/395
0OS 11 S/485

1.02 180/1000

1.06 300/560

466/SOOO
.03 <70/500
03 <70/SOO

18700/2

03

03 +
03 +
3 +
3 +
3 +
3 +
3 +
053 +
0957 A
0957 A
05-

17/21 .43.44
17/21,45.44
46/47.21
46/47.21
46/47.21
16/47.51
16/47,51
16/X.47
16/X
16/X
17/4,3

35000/16 5 - 48,16/a
4000/18 5 - 48/a
5(O/1/19 5 - a/a
7700/19 5 - /&a
2200/20 5 - a/a
532/22 5 - /a
600(1/14n SO - 17/j.h.23
932/100 5 - 17/nk

17/1
<70/500 0957 A 17/X.49

4 - 17/49
S - 17/k,n

4265/1 05 - 17/X.50

H) Fungal Toxins & Antibiotics

1) enatoxin 8iC + +

2) aflatoxin 82z Wv +

3) aflatoxicol + +
4) anatoxin N w4 +

5) aflatoxin G1 + +

6) aflatoxin P1 0
7) aflatoxin G2 ?0
8) sterigetocystin + +
9) gibberellic acid a 0 0

10) penicillin G. potassium9 ?0 0
11) adrieycinHCKl9 + +
12) deunorubicinHCl9 + +
13) tetracycline 9 ?0 ?
14) mitowycin C 9 + ?

1) Mixtures
1) cigarette smoke condensate + +

J) Miscellaneous Heterocycles

1) phenobarbital, sodium vi 0
2) 3,3-dimethyl-l-phenyl-3-pyra- ?0 0

zol in-5-one rantipyrene ]
3) 4-amino-2.3-dimethyl-l-phenyl-3- ?+ 0

pyrazol in-5-one (4-minoantipyrene 9

4) 4-butyl-l.2-diphenyl-3.5-pyra- ?0 0
zol idine-dione[phenylbutazone]9

5) 3-amino-lH-l.2.4-triazole + 0
[mitrol e ]a

6) 5-iododeoxyuridine'a cO 0
T7) 4,4'-propylenedi-2.6-piperazine- 7O 0

dione tICRF 1593]o
8) nicotine g 0 0
9) caffeinec ?0T 0

10) atropine sulfate a ?0 0
11) hycanthone methanesulfonate + +

K) Miscellaneous Nitrogen coppounds

1) propyleneimine i

2) ethyleneimine 7
3) tris(l-aziridinyl)phosphine

sulfide (thio-TEPA]
4) hydrazine sulfate'
5) 1,2-dimethylhydrazine a
6) N- (2-hydroxyethyl ) hydrazi ne a
7) natulan [procarbazine]ji
8) maleic hydrazide C
9) l-phenyl-3,3-dimethyltriazene

10) 1-(4-chlorophenyl )-3.3-
dimethyl triazene

11) sodium azide't
12) hydroxylwsine hydrochloride's
13) sodium nitrite'b

L) Ao ds and diazo compounds
1 ) ezobeazen
2) 4-mimezoerene s

3) o-mm1azotoluene s

4) 3-methoxy-4-lnoezobenzene
5) N-ethyl-4-aminoazobenzene
6) N.-imethyl-4-eminoazobenzene
7) 3_-mthyl -4-dimethylamino-

azobmeuzme'
8) N.R-dih11-4-innoazobenzene v
9) N-kydroxy-4-aiinoazobenzene

10) 2-ethyl-4-dimethylamino-

11) N-b noylox-4-methylamino-
azobmzee

12) methyl orenge a

13) p-dimethylminobenzenediazo
sodlum sulfonete (dexon] P

14) azasertneti
15) diazoacetylglycine amide
16) diazoacetylglycine hydrazide
17) diazoacetyiglycine ethyl ester

?7+

+
+

7++

t. Revertants per strain S9 Ref.

rmol plate

7057 2260/0.1 098 A 17/4,2
2.1 664/100 09 A 17/X,p

2200 346/.05 9 P 19/p
112 274/.8 9 P l7/p
116 142/.4 9 P l7/p
<0.38P <20/16 9 P p/p
<043P <20/16 9 P 16/p
915 282/.1 098 A 17/4,2
<0.005 <70/5000 0957 A 16/X
<0. 01 (70/3000 0957 A 16/X

100 3740/20 908 - 16/X.f,m
356 3790/6 908 - 16/X
<31 <70/1 0957 A 16/X
<23 <70/1 0957 - 16/X,4

18200/cigarette 8 A 16/12

0. 004 <70/5000
<0. 01 <70/3000

<0.001 <70/104

0. 01 <70/2000

<0.001 <70/5000

<0.01 <70/2000
<0.04 <70/500

<0.001 <70/104
<0.002 <70/6000
<O.01 <70/5000
2.5 346/50

0957 A 16/X
0957 A 16/X,n

0957 A 16/X,n

0957 A 16/X, m

0957 A 17/S

0957 A 16,65/X
5097 A 25/XSe

0957 A 16/X
0957 A 16/X
0957 A 16/X
8 - 26/X,27

+ + 2.0 5230/150 5 - 28/Xk,n
+ + 2.0 469/10 50 - 16/X
+ + 50 - 16/f

* w+ 3 16/1
+ 0 <0.0008< 70/5000 0957 A 17,32/X
* w+ 0.01 134/1100 50 - 16/X.30
* 0 <0.0015 <70/104 0957 A 16/X

cOT 0 <0.0008 <70/1Oe 0957 A 16/X.24
+ + t 4 P- 16/g
+ + t 4 P 67/9

0T + 150 2240/1 05 - 16/X.31
O 0 <0.001 <70/5000 0957 A 29/X
0 vi 0.01 975/9000 50 - 16/X,1

?T + 1.4
k* + 0.29
+ + 15
+ + 741
+ + 0.14t
+ + O. I2t
+ + 0.34

0 0
7O +

w+ +

379/50 0

147/100 098
1340/20 098
16454/5 89
140/200 09

120/210 90
71/50 8

A 17/X
A 1S/X,2
A 1S/X,2
A 15/Xk,n
A 15/52
A 17/52
P 15/2

<0.03 <70/500 09 A 1SIX
0.3e 350/210 90 A 17/52
0.66t 300/120 90 A 15/52

+ + t 90 - 16/52

4. 01 7/2500 0957 A 1SIX
1.6 719/100 0957 - 15/X,53

12000 14000/.2 0
28 2000/10 5

7.9 500/10 5
17 1000/10 5

- ss/xss
- 16/54
- 16/54
- /54
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Legend to Table 1 (on preceding pages).

Explanations and footnotes are given below for each column in the Table.
Chemicals. The division of chemicals into groups was, of necessity, somewhat arbitrary. Commercial chemicals were the purest grades

available. Sources of chemicals are indicated by superscripts, and are as follows: 'aAldrich, "bBaker, 'cCalbiochem, 'dBDH, 'eEastman, 'fFish-
er, 'gSigma, 'hCommercial Solvents, 'National Cancer Institute, 'iAllied Chemical, 'kK & K, "Eli Lilly, 'mMallinckrodt, 'nNBC, 'ogift of M.
Coombs, 'PAnalabs, 'qgift of P. Sims and P. Grover, 'rgift of J. Flesher, '8Schuchardt, 'tMC/B, 'Ugift of R. Peck and H. Creech, 'vgift of V.
Simmon, '"gift of J. A. and E. Miller, 'xgift of W. Lijinsky, 'yDow, 'zSchwarz/Mann, "agift of G. L. Laqueur, "bgift of T. Sugimura,
"Cgift of E. Bueding, "dUnion Carbide, "eMead Johnson, "fgift of P. Hartman, "`gift of N. Bachur, "hgift of R. Kouri, "igift of W.
Benedict, "Jgift of D. E. V. Wilman, "kgift of H. Bartsch, "'gift of J. Casida, "mgift of Salsbury Laboratories.

Car. Carcinogenicity. Classification, especially non-carcinogenicity, is usually difficult because of the varying completeness and modes of
treatment in many studies and the statistical limitations inherent in animal tests. + = carcinogen; 0 = non-carcinogen; w+ = weak carcino-
gen (occasionally used for comparison to potent relative; in general, we have not evaluated carcinogenic potency, an inherently complex area);
?+ or ?0 = carcinogen, or non-carcinogen, in limited studies, further confirmatory work required; cO = non-carcinogen in most studies, with
some reports of weak or marginal activity; ? = inadequate data available for classification as a carcinogen or non-carcinogen. T = under test
[chemicals B5 and B7, personal communication B. McKusick (du Pont)l; 7r = promoter.
Mut. Mutagenicity. The standard Salmonella plate test (7) was used except where indicated. + = mutagenic; 0 = non-mutagenic; w+ =

weakly mutagenic (<0.10 revertants/nmol); ? = chemical toxicity prevented adequate mutagenicity test. Data is presented when a complete
dose-response curve (almost always linear; * in Revertants per nmol column = non-linear) was obtained. In cases where a spot (7) or well test
(61) was used, or a complete dose-response curve was not available, and the mutagenicity was clear, the compound is reported mutagenic but
quantitative data are not given. t in Revertants column = liquid test (7, 21, 44), a modification where the bacteria are preincubated with the
S-9 Mix before pouring plates: chemicals K10, L5, L9, Lll, not tested in standard plate test; chemicals L6, Lb0, K9, GI (47), G2 (47) negative
in standard plate test; chemicals G3, G4, G5 less active in liquid test (21, 47); chemical L6, NADH and ATP added to S-9 Mix. = =
analyzed for impurities by high pressure liquid chromatography: weak activity of chemical A7 all due to 0.25% A3 impurity; of chemical A22
not all due to trace of A21; of chemical A28 not all due to trace of A26; of chemical A20 not due to several impurities; chemical AlO, insuffi-
cient material available for chromatography (if 0.1% A3 impurity present, it could account for very weak activity: see chemical A7); of
chemical Al I not due to several impurities; chemical A12 data given is for purified material [direct mutagenic activity previously reported (3)
due to impurities] (V. Donahue, J. McCann, and B. N. Ames, in preparation).

Revertants per plate. Numbers given are revertant colonies on a petri plate per micrograms of chemical incorporated in the plate, e.g.,
1630/10 = 1630 revertant colonies per 10 jig tested. For mutagenic compounds the numbers are single points from linear dose-response curves.
Spontaneous revertant colonies have been subtracted: usually 20 (tester strain TA1535), 7 (TA1537), 25 (TA1538), 140 (TA100), or 40 (TA98).
For non-mutagenic compounds, a less-than figure is used to indicate the result: the denominator is the maximum dose tested-each non-muta-
genic compound was tested over a wide dose range, usually 10, 100, and 500 or 1000 ,g (often higher for TA100) for non-toxic compounds, and
up to the maximum allowable concentration if the compound was inhibitory; the numerator is 1/2 the spontaneous reversion rate of the strain
for which results are reported (usually <70, for TA100). Each non-mutagenic compound was tested both with and without S-9 (usually Aroclor-
induced microsomes were used) on at least strains TA1535, TA1537, TA98, and TA100. A compound was called non-mutagenic (0) if there was
no dose-response. G = the chemical is a gas or very volatile liquid, the test was done in a dessicator, and quantitation is difficult.

Revertants per nmol. We have calculated the number of revertants per nmol from the revertants per plate and the molecular weight. The
value represents the mutagenic potency of the particular chemical in reverting the strain indicated in the standard assay. The Salmonella/
microsome test is a back mutation test using tester strains containing different types of mutations. The relationship of the mutagenic potency
of a mutagen on a particular strain to the overall mutagenic potential of the compound for DNA in general, and to carcinogenic potency, re-
mains to be determined. In addition the standard assay represents a compromise between various factors such as amount of S-9, induction
procedure, etc. Thus, comparisons between potency of different chemicals must be undertaken with caution. This important and complex
subject will be discussed further. * = non-linear dose-response. t = liquid test (see Mut.).

Strain. The standard tester strains (3, 4, 7) are abbreviated by a single digit as follows: O(TA100), 5(TA1535), 7(TA1537), and 9(TA98);
8(TA1538) contains the same histidine mutation as TA98, which has replaced it as a more sensitive indicator for some mutagens; 3(TA1530)
and 4(hisG46) are old tester strains and are the same as TA1535 except they lack the uvrB or deep rough mutations (3). The first digit of the
series means that the data come from the test with that strain: each other digit, in the case of a mutagen, means that the chemical is also
mutagenic on that strain or, in the case of a non-mutagen, that it has been tested on that strain. Chemicals have been designated non-muta-
genic only if they have been tested on at least strains 0, 9, 5, and 7, the complete set of strains recommended for general mutagenesis testing
(7).

S-9. The S-9 fraction (9000 x g supernatant of rat liver) was added (A or P or +) or not (-) as indicated. Liver was from rats induced with
Aroclor 1254 (A) (12, 7) or phenobarbital (P) (2, 7). (+) = S-9 added, induction procedure not A or P, or unspecified (see individual reference).
P- or A- indicates that the data were from an experiment with S-9, but that the compound was somewhat active without S-9.

Ref. References are given for carcinogenicity/mutagenicity data, respectively. We have mainly cited three compendia for carcinogenicity
(15-17), which contain the primary source references, rather than citing the large number of primary sources for carcinogenicity or non-car-
cinogenicity. Where individual papers have been cited no attempt has been made to determine priority. For mutagenicity the first reference in
the series refers to the source of the data quoted (X = this study) and others to previous reports, or independent observations. All non-muta-
gens reported here have been tested both with and without S-9 on the new tester strains TA100 and TA98 and over a wide dose-range on all
strains: as a general rule we have not cited negative mutagenicity studies unless they fulfill these criteria. We have also not cited mutagenicity
studies in other organisms, some of which predate results in the Salmonella test. Personal communication citations are as follows: a = T.
Matsushima, M. Nagao, and T. Sugimura; b = P. Sims; d = R. Peck; e = M. Coombs; f = W. Benedict; g = H. Bartsch and C. Malaveille; h
= A. E. Auletta; i = C. Y. Wang, K. Muraoka, and G. T. Bryan; j = K. Lum and J. Richards; k = V. Simmon; m = M. Legator; n = H.
Rosenkranz; o = P. Harris; p = J. Wong and D. Hsieh (chemicals H6 and H7 not tested at higher doses); q = J. W. Flesher and E. Swim; r =
B. McKusick (du Pont) negative (see ref. 34 for +); s = I. Mattern.
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